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Abstract 
This paper presents the model of response spectrum for building in Makassar by conducting a site specific analysis with 
the use of equivalent linear approximation of non-linear response technique. Typical sediment soil stratigraphies in 
Makassar were investigated. They can be categorized as model 1 with a 12 m thick of silty sand overlying 10 m thick of 
clay before reaching claystone; model 2 with a 11 m silty clay overlying tuff layer, and model 3 with a 10 m clay overlying 
claystone layer. The DSHA was performed by considering two seismic sources affecting the city, involving Fault Walanae 
Mw 6.6 with 89 km and Makassar Thrust Mw 6.8 with 149 km distance from the city. Spectral matching was conducted 
in which actual time histories obtained from shallow crustal earthquakes with similar seismic characteristics. They were 
matched with target response spectrum obtained from DSHA. The matched time history was then used as input ground 
motion with a target PGA of 0.11g, into the equivalent linear approximation of non-linear response with the use of EERA 
software. Our findings show that buildings which are located on the ground with typical stratigraphy of thick silty sand 
layer overlying thick clay layer, generates a broader response spectral acceleration with two summits. On the other hand, 
buildings, which are located on the ground with a thick clay layer overlying claystone layer, yields a focused response 
spectral acceleration with one summit. In general, the maximum spectral acceleration was found at range of 0.598g (at the 
period of 0.3s) up to 0.74g (at the period of 0.5s). The model stratigraphy 3 has the largest spectral acceleration compared 
to the Models 1 and 2.  Overall, the amplification factor for Makassar was found at a range of 1.3 to 1.92.   The results 
found in this study would have potential contribution to earthquake disaster mitigation for large populated cities in 
Indonesia, in similar seismic and geological conditions.  
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1. INTRODUCTION 
Seismic hazard assessment of a city is fundamental to mitigate the potential damage among structures and infrastructures, 
and loss of life caused by earthquake. Seismic hazard assessment consists of identifying regional seismic sources and 
defining attenuation model of the area, identifying local site effects, and vulnerability of structures in the area. One of the 
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outcomes of the seismic assessment is seismic hazard microzonation which can be used for land use and city planning. This 
study aims to investigate seismic hazard assessment and the impact on response spectrum used for buildings in Makassar, 
which is capital city of South Sulawesi Province in Indonesia (Figure 1). Makassar is formed by quaternary sedimentation 
and Formation Camba (Tmc) in the north and eastern part, which is Middle Miosen – Pliosen marine carbonate rock 
interbedded with clastic volcanic rock [1]. In the south, the area consists of quaternary sedimentation, and Formation 
Baturape Cindako (Tbvp) which is Pliosen Volcanic rock associated with lava, breccia with intrusion of tufa and 
conglomerate (Figure 2). Geomorphology of Makassar can be classified in three conditions: flat, contour, and very contour. 
It is relatively flat in the Southwest to the Northwest area, and 2 to 5 meters above mean sea level (MSL). The flat area 
covers around 85% of the total area in Makassar where 60% of the total population live. In the Eastern part of the city, the 
geomorphology of the area is contour from 6 m to 25 m above MSL with the gradient of 3% - 25%. Overall, seismic 
behavior of Makassar is influenced by at least two seismic sources where their distances are relatively close. They are Fault 
Walanae (89 km in the east-north) and Makassar Thrust (149 km in the north). The faults are well characterized in the 
geometries and slip rates. One seismic source is spreading of Makassar Strait which can be considered, however, this is 
insufficient characterized and categorized as characteristic earthquake.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Makassar and the surrounding active faults         Figure 2. Geology Map of Makassar (Sukamto, 1975) 
 
2. METHOD 
2.1. Seismic Sources  for Makassar 
Several shallow crustal faults were identified as seismic sources for Makassar, including Fault Palu-Koro, Fault Poso, 
Fault Matano, Fault Walanae, Makassar Thrust, Lawanopo Fault, and Flores Back Arc (Table 1). Return periods of 
maximum magnitude moment of those faults were determined by utilizing Wells and Coppersmith formula [2]. Then, 
attenuation relationships were used to determine peak ground acceleration in Makassar associated with each earthquake 
generated by those seismic sources.  On top of those faults, just two seismic sources are located less than 200 km from the 
city: Fault Walanae and Makassar Thrust. Attenuation formulas of Sadigh et al., [3] and Fukushima and Tanaka formulas 
[4] were employed. It was found that peak ground acceleration in Makassar due to Fault Walanae becomes the significant 
earthquake with a 0.11g ground acceleration, followed by Makassar Thrust with a 0.045g ground acceleration (Table 2).  
Fault Walanae 
Makassar Thrust 
 
 
 
Table 1. Seismic Sources that might affect seismicity of Makassar 
No. Faults/thrusts Magnitude Moment 
Slip Rate 
(mm/year) 
Return Period  
(years) 
Distance to 
Makassar 
1 Palu-Koro Fault 7.9 30 - 44 236.9 349.38 
2 Poso Fault 6.5  2 370.7 382.71 
3 Walanae Fault 6.6 2 447.7 89.64 
4 Matano Fault 7.9 40 260.6 346.41 
5 Makassar Thrust 6.8 4 - 13 326.5 149.41 
6 Lawanopo Fault 6.8 25 52.2 326.6 
7 Flores Back Arc 7.8 28 308.2 258.83 
Table 2. Seismic acceleration in Makassar based on attenuation formulas. 
No. Faults/thrusts 
Acceleration 
(g) (Sadigh et 
al., 1997) 
Acceleration 
(g) 
(Fukushima 
and Tanaka, 
1990) 
84th 
Percentile 
acceleration 
84th 
Percentile 
acceleration Max. acceleration 
1 Walanae Fault 0.021 0.061 0.038 0.11 0.11 
2 Makassar Thrust NA 0.025 - 0.045 0.045 
 
2.2. Spectral Matching 
Target response spectra of Makassar at bedrock were obtained from Peta Gempa Indonesia 2012. Synthetic time histories 
were generated by performing a spectral matching between target response spectra of Makassar and the response spectra 
based on actual time histories obtained from other seismic sources with similar characteristics to Fault Walanae 6.6 Mw 
and 89 km (Figure 3). Actual time histories were collected from recorded ground motion from center of California 
Strongmotion Instrumentation Program (CSMIP), such as time histories of 1992 Big Bear Lake Earthquake with 6.6 Mw 
strike slip shallow crustal earthquake, recorded at Featherly Car Park Maintenance Building, and Temecula CDF Fire 
Station. Spectral matching were undertaken by using SeismoMatch 2016.  
 
2.3. In-situ Geotechnical Data  
Typical soil stratigraphy in Makassar can be seen in Figures 4, 5, and 6. There are three stratigraphy models, involving 
Model 1 representing the north of the city, located around Karebosi Square (Figure 4). Model 2 represents the southern 
part of the city, located around UNM Pettarani (Figure 5), while Model 3 represents the Eastern Part of the city, located 
around Mall Panakkukang (Figure 6). The Model 1 consists of 22 metres sediment in which a 12 m sand overlying a 10 m 
clay. In the bottom, claystone interbedded with sandstone are found. On the other hand, the Model 2 is quite different. The 
upper layers are not sand, but stiff clay with a 11 m thick. The stiff clay overlies claystone.  The Model 3 is s somewhat 
similar with the Model 2, which is a 10 m soft clay overlying claystone. N-SPT values of those models were then employed 
to estimate shear wave velocity (Vs) by using empirical correlations based Wair et al formula [5], as follow: 
 
      Vs = 30 N600.215 σ’v0.275                           (1)
  
 
where    N60 is N-SPT with uniform reference energy ratio of 60%, and σ’v is effective vertical stress (KPa).  
 
 
 
 
 
 
 
 
(a) 
 
 
(b) 
 
 
 
(c) 
Figure 3. Original accelerations from actual time histories, (b) matched accelerations, (c) spectral matching. 
 
Shear wave profiles of the models are shown in Figure 7. At the Model 1 (around Karebosi Square), shear wave at top 
layer (0 – 10 m) is about 220 m/s, categorized as dense soft soil (SD). While at middle layer (10 – 20 m), it is about 157 
m/s to 180 m/s, becoming soft soil (SE). In the bottom layer, shear wave is at around 350 m/s, categorized as hard soil or 
rock.  So, it can be suggested that the Model 1 has a profile of dense soft soil – soft soil - hard soil. Similarly, the Model 2 
has a profile of dense soft soil – hard soil or rock, whereas the Model 3 has a profile of soft soil – hard soil/rock.  
 
2.4. Site Specific Ground Response 
Site specific ground response was undertaken to estimate Makassar’s ground response to earthquake.  In this way, an 
equivalent linear approximation of nonlinear response technique was performed, involving EERA [6]. EERA is add-on 
program embedded in Microsoft Excel, suitable for use in conducting a site-specific ground response analysis. Several 
steps in this technique were conducted as following: site characterization by utilizing SPT data, producing a simplified 
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shear wave velocity profile. Acceleration time histories were obtained from spectral matching between target and actual 
response spectra. The acceleration time histories model was then used as input motion for computing ground response of 
horizontally soil layered deposits subjected to transient and horizontal propagating shear waves through a single soil 
column.  It is noted that soil layer is assumed to be homogeneous, visco-elastic, and infinite horizontal extended. Soil’s 
shears modulus and damping values were obtained by utilising a function of shear strain amplitude, determined from 
iterative process of effective strain induced in each sub layer [6]. Initial step is processing earthquake data. In this study, 
default shear modulus-strain and damping ratio – strain curves in EERA was used as its upper bound for soil type of sand 
[7], clay [8] and rocks [9].   The process is repeated until strain compatible with shear modulus and damping values, with 
1% error in converging.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   Figure 4. Typical stratigraphy model 1.                                            Figure 5. Typical stratigraphy model 2. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Figure 6. Typical stratigraphy model 3.                                            Figure 7. Shear wave profile models. 
 
3. RESULTS 
Site-specific ground response analysis through equivalent linear approximation of nonlinear response technique was 
undertaken. The results show that, in general, ground acceleration at bedrock level is amplified by the sediments. The 
ground acceleration increases from 0.11g at bedrock level, to the acceleration at a range from 0.143g to 0.211g, at surface 
level.   It can be seen in Figure 8, high ground acceleration at surface level is found at the the Model 3, while the low one 
is at the Model 2. In average, ground acceleration at surface level for those three models is 0.183g. Table 3 presents a 
number of ground response characteristics of the models. High amplification factor can be seen in model 3 with 1.92, while 
low amplification factor is in the Model 2 with 1.30. Maximum strain in the topsoil layer during seismic events would be 
at range of 0.0071% (Model 3) to 0.0171% (Model 2). In addition, maximum stress propagated by seismic events will be 
yielded at range of 2.69 kPa (Model 2) to 3.70 kPa (Model 1).   The results imply seismic stress at the soil is more related 
to the deepness of the soil rather than the elasticity of the soil.  The deeper soil sediment, the larger stress and strain 
generated would be propagated.  Fourier spectrum indicates the fundamental frequency due to seismic events would be at 
the range of 1.99 Hz to 2.85 Hz.  
 
Response spectrum analyses were implemented with a critical damping ratio of 5%. The results reveal a large spectral 
acceleration at surface level, 0.746g with a 0.34 sec period (Model 3). All models have quite different response spectral 
acceleration profiles (Figure 9). Models 1 and 2 have similar pattern due to their soil characteristics are denser soft soil. 
On the other hand, Model 3 is softer soil profile. This resulted in broader spectra with two summits in the Models 1 and 2, 
they are 0.35g at 0.1s and 0.6g at 0.5s, while the Model 3 show more focused spectra with a summit of 0.746g at 0.3s.  As 
seismic wave travels from bedrock to the surface, it moves through the sediment material with contrast impedance as found 
in the Models 1 and 2.  The impedance becomes so contrast when seismic waves propagate from clay layer with low 
Model 1 Model 2 
Model 3 
 
 
 
impedance to silty sand layer with high impedance.  Seismic waves are then being trapped in between clay layer and silty 
sand layer, and they begin to reverberate, leading to such a two summits of acceleration at 0.1s and 0.5s period. However, 
such contrast impedance cannot be found at the Model 3 which is dominated by soft clay layer with low impedance. That 
is why the Model 3 just has focused spectral with a single summit. Low impedance of the Model 3 is the reason why its 
spectral acceleration is higher than that in the Models 1 and 2. 
 
Tabel 3 Summary of the results of site specific seismic ground response of the models. 
 
No Parameter 
Designated sites 
Model 1 Model 2 Model 3 
1 Maximum acceleration at surface level (g) 0.195 0.143 0.211 
2 Time of maximum acceleration (sec) 8.72 18.88 11.8 
3 Mean square frequency (Hz) 3.41 4.09 4.42 
4 Maximum acceleration at bedrock level (g) 0.11 0.11 0.11 
5 PGA amplification factor 1.77 1.30 1.92 
6 Maximum strain (%) 0.0139 0.0071 0.0171 
7 Maximum stress (kPa) 3.703 2.69 3.50 
8 Frequency of maximum amplification (Hz) 0.00 0.00 0.00 
9 Fundamental frequency of Fourier Spect. (Hz) 1.995 2.85 2.85 
10 Maximum spectral acceleration (g)  0.598 0.642 0.74 
11 Maximum spectral velocity (cm/s)  45.52 33.95 35.16 
Model 1 = KAREBOSI, Model 2 = UNM PETTARANI, Model 3 = MALL PANAKKUKANG 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8.  Ground response acceleration ot the models due to seismic wave. 
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Figure 9.  Seismic response spectra for buildings located at the models.  
4. CONCLUSIONS 
1. Based on DHSA, peak ground acceleration of Makassar was found at 0.11g with the controlling earthquake by 
Fault Walanae Mw 6.6 89 km distance from the city.   
2. Typical soil stratigraphy can be identified within three models. The Model 1 is a 12 m thick of silty sand layer 
overlying 10 m thick of soft clay layer, and at below there is claystone layer. On the other hand, the Model 2 is 
a 11 m thick of silty clay layer with underlying tuff layer. The Model 3 is a 10 m thick of soft clay layer in the 
upper of claystone layer. The stratigraphy models influence the performance of buildings where they located. 
Buildings at the Model 3 would have a focused spectral acceleration when earthquake occurred, while buildings 
at the Models 1 and 2 would have a broader spectral acceleration.  
3. Largest spectral acceleration of buildings as response to earthquake was found at 0.74g at the period of 0.3s in 
the location of the Model 3, while buildings propagates a lowest spectral acceleration with a 0.589g at the period 
of 0.5s in the Models 1 and 2.  
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